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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a silicon single crystal of 
a large diameter by the MCZ method without causing twisting. 
SOLUTION: When the objective silicon single crystal is produced 
by the MCZ method, a silicon single crystal is pulled up under 
rotation at >0.4mm/min velocity (v1) of crystal growth and 0.628 X 
1 04-1.0 X 104mm/min velocity (v2) of the peripheral part of the 
crystal while satisfying the relation of V2<-3.72 X 104v1+4.35 X 
104. 



if 



I 



1:C 




L m > -;: ■ -J i -J. 



LEGAL STATUS 

[Date of request for examination] 27.06.2000 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 3443822 

[Date of registration] 27.06.2003 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 



http://www19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAA97aGraDA409263493P1.htm 



2006/08/02 



(19)H*HftfW (J P) 02) 13 4# 1^ ^ # (A) 



<ll)#ITtaS^S!#^ 

#W¥9- 263493 

(43)&iBB ^9^(1997)10^7 B 



<si)inta* mim*} frftntm^ fi sw^sm 

C 3 0 B 29/06 5 0 2 C 3 0 B 29/06 5 0 2 J 

15/00 15/00 Z 

15/20 15/20 

H0 1L 21/208 H0 1L 21/208 P 



gSSfcR 1 FD C£ 4 H) 



(2i)ms## 


fcH¥8 -97761 


(71)ffll8A 


000190149 










(22)tibSB 


¥f£ 8 ¥ (1996) 3 £27 B 










(72)&9i# 


tm *- 








»h*^*«^2tsi3#i^ mm* 
















**f mm 








»Hm^*«SS2TB13#l^ 
























pj^»**tpaisB2Tai3»i^ ms* 














(74)ft3A 


#s± »n (*i«) 



(54) mwozm ^U3>^)igfto«ji^ 



(57) 

[ mm ] mcz at? -> <j => >#*ss*»ti* 

±tf SIBOltafiSfiaffiv, (mm/#) R(fM B B B ^® 
SfliiJKv, (mm/») # 
0. 45 v, 

0. 6 2 8 x l O'S v, 5 1 . 0X10' 

72xi0 4 v, + 4. 35X10' 



N 

1 1.0 



0.8 



0.6 



0.4 





: -3.72 X 1Q*\ 




VtiJfi-:4.35Xt0* / 




X 


. 1 . 1 . 1 • 



0.4 



0.6 0.8 1 .0 



1.2 



(2) 

1 

nmm i) mc z mc <fc o->>j3 >*t& 

±W*BOISJRfiRfia[ttv 1 (mm/53-) RVfeikft® 
SftllKv, (mm/») # 
0. 4S v, 

0. 628X1 O'^v, SI. 0X1 0 4 
SO* 

v 2 5-3. 72xi0'v, + 4. 35X10* 

£-> <; 3 >*Sfl©«JS*i£. 
[|S9i©»«BfciftBJ] 
[0 001] 

[jS*±©*Iffl#»] #fWitt. MCZi*fc:<J:&->';3 

>****©««#£«: bb-*-*. 

[0002] 

['&5fc<D&m fi^. ^a^JU^-i* (CZS) tt 

j: otasstisix- n >^j&©*fiSHtJwiix,-ct> 

^S&MA^J&g-r-McB, ^PS^S^^sK^tt 
Il/tlOOk s^©*«©Hf4&i8»-r-5sif*W* 20 
*SJlfoftffir©raM39**i;»4. *sa 

nssfBs^A -j tf© 
m<Dm&&&WjaL-c&* bmm&tmaux us ^. 

©«*«•*. 4 C <brS.*^tC<fc4»^©:F3c5£te*Hi 
Tcd-c. *SAJ&gfcSg-CB&<fc£. 
[0 0 04] ±§&<D£5tj:Mm : S:f®k-r : £>y7mtLX, 30 
MCZi«ct»)ffll^n-Cl^„ MCZffiKJ:! 

!S«5i*±if^K^4Enj!iaLrBjBB^*»iMi/. ill 

[0005] 

[HW*W^l/«J:^<i:^S^jS] MCZffit^: 
iBSI§»*SI#±tf S £ . ISii*itS*i4i tO«ffc&W 

**iMfci/tt<&*)«»ri». ^B^c^n^D/c 40 
[0006] b/c^^r, f^nora/atc^jE-rstcijjg 

AHfralKSril < TiiW** & **. t£Afi&fi&©t£ A 

Hfe&gB. ff e-n^^jt-^^©^^©®^^©^ 

[0007] fC TJfcfSiJBB. MC Z &-C;*;fi:tI©-> 'J 
n >ig*gA£&ft#£ C5Ci&< Sgjg-T 5C4 *sr t 50 



0 < J 

^¥9-2 6349 3 

r 

(To 0 08[ 

IlSffi£^&-f £/<:#©#&] *K©H!$$ 1 £fi©?& 
MB. MCZffiKJ:g^y:a>#|gB£R»*S2fffiK: 

©SSAl&gitKv, (mm/ft) RCtitSattHSftK v , 
(mm/») # 
0. 4^v, 

0. 6 2 8X 1 0'Sv, gl. 0X1 0 4 
SO* 

v^-3. 72xi0 4 v, + 4. 3 5X10' 
*«fc-r*fl=-C$i*Sfl©9 1 *±lf *tf 5 C i T 

[0 009] fclT. *»BJ4l¥*fflCC|5Saj-r€. 0 

[ooio] Mczm-e&ihifii&tiB^mmtt. mm* 

Em? i> C t (C J; 0 y * h ©tttefltft* L . •£©*££ . 

*§A@$stc*t-r €>ftw*^# < 4s/ci*i#ien^ 

1*ec^ita«i»3WiS:*iS< &4©«. HSfitf^dtSft-r 
SCi L- . AfSSPif S^tSTT £ C £ 
£ . «flWa»©aK*^KW«e;*:S < tt £ C £ **** 

ASS. m£kl&mmm.RUt&M,mtiMmWQhTZ. 

[ooi i ] s^b. wrabfciffiAottnoKje*^ 

-TSfc&KiB. ^A©i*iPjIS* i A#<^SJ:5^rt 

*fc«. *§ass. «ai^&skk 

[0012] L2»U ^A©^*P3ie*^bS-a-Si. 

*SAXP§(c^^^i5SA^^©t?, n'smK.imm-cz 

[0013] ttflKta*l#£C&t»*6AHI£aK©±R 

b. isftjaaccto-cRtt*). tt«s«a»**<&sK 

o*ir±iEtl*«{£<£3. i&atttttt©ft#. MASS 

(era?.-**. gA«>^j§gp©aa (tai) ifi--&mxr 

0. 4gv, 

0. 6 2 8 x 1 o 4 g 1 . 0 x l 0 4 
v,^-3. 72xi0'v, + 4. 35x10' 

m 1 ©«^-cB*nfc««rtccfflsr s. 

[0015] *fi@l£jSK©±IR». p D aS«tlfn« 
±B.mu*© tt < Aj: % i . # 4 JS^-tC <fc x 

E<?J6ft£„ IHD< TBSB, MAa a D Wi:P D 1II©^n44 



(3) 



9-2 6349 3 



<o. *sasi&aug£fSHori>&. ttaftsasoriB 
[0016] to*. ±t^&*mtc?m<Qfeim.mzm 

[0017] 



[0018] 6 0 0 m m # OXE&ttoy **ic 1 5 0kg© 
5/>;3>Jl*4«r«»U. «ai«*»SKtt*¥»»0. 4 
TfcHfflnOT. itte#8" <>M12" *©t£aj£5« 

* ©&5£*u (c^r. &*». isaJi-saijSKvjtt. 

v 2 =&aiI$KjItt (r pm) xJgHSfSS;* (mm) 

= MaiU*K3iK ( r p m) x^as (mm) x 3. 14 

ea©*jBajyf a a n*K-3i>-ci3:. io*s [ o o 2 0 ] (M a a a OD D Di) fer B ©s,iB. isaKfflic 

WliSS&#> 1 0 m m flth fcti^rtcfc » S ft 

TfflflMHCKXt. L . 
X = I (X c -X„) I /X c x 1 0 0 
©fit (%) £3?«>, C©fitAS8%«T©t»^«*Sa©D a a 

H# r^j . 8%£i6Sx/ci§^«:teii©o D D w# r«j t 

[002 1] 
[*1 ] 



[0019] mM,<Dm$) m§>BfS,mmctkMfr$.ttc 

3Sh*a«**IB!frsciK:J:DI¥flir#4. SSK** 
£ D & i »iSa©aj^Stt^'?i-C^^)*T, 5Ci?j:<i 

c 1 » s . 0 x. 1 » s *sa©a«$fiw: -at® 
a#*wa wit 1, > s l . mmr*s*wi 



*20 



mm 


MS 
(rpm) 


mst 


(mm/00 


©Wft 




X (96) 




8* 


18 


1.13 x 10 4 


0.9 


W 


^±4 




15 


0.942 x 10* 


0.9 


ft 


^±4 


ft 


11 


0.691 x 10 4 


0.6 


ft 


^±6 


ft 


8 


0.502 x 10 4 


0.9 


ft 


^±10 




12" 


16 


1.51 x 10 4 


0.8 


w 


^±4 


ft 


10 


0.942 x 10* 


0.8 


ft 


<± 4 


ft 


8 


0.754 x 10 4 


0.6 


ft 


^±6 


ft 


5 


0.471 x 10 4 


0.8 


ft 


£± 10 


m 



[002 2] S/cS2«, fig** 8" 12" (/>M 

i 6- *©teaj$£*?T5^©t£ajA£&a&f£aia 

[002 3] 



•;h i ] *&Htcfei>?fta*j3flras&isajR£9K 
oawjiWffl&ffr? mx$> z. 
[H2] ««©its-cjsaiSfi*?T^*i&©iBiaiaiEa 
Ksc«»safiR«aK©aw«c«H h -c * * „ 



»¥9-2 6349 3 



[01 ] 



[02] 



1.2 



0.8 



0.6 



0.4 
0.4 





/«. 








4.35 x 1 0' / 




X 


/ 


(.III. 



0.6 



0.8 1 .0 



1.Z 




0.8 1 .0 

<mm/$J0 



